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SUMMARY

As there are now seceral types of superchargers in
serrice, information on the comparative performance ob-
tained with each type of supercharger would be of value
in the selection of a supercharger to meet definite gerrice
requirements. As a part of the program to obtain this
information, the National Adrisory Commitiee for dero-
nautice conducted tests, using a modified DH-4M2 air-
plane with a turbocentrifugal and with a Roots type
supercharger. The rate of climb and the high speed in
level flight of the airplane were obtained for each super-
charger from sea lerel to the ceiling. The unsuper-
charged performance with each supercharger mounted in
. place was also determined.

The results of these tests show that the ceiling and rafe
of climb obtained were nearly the same for each super-
charger, but that the high speed obtained with the turbo-
centrifugal was betfer than that obtained with the Roofs.
The high-speed performance at 21,000 feet was 122 and
148 miles per hour for the Roots and turbocentrifugal,
respectirely.

INTRODUCTION

For several years supercharging has been used as a
~means of increasing the engine power for special-pur-
pose airplanes, notably airplanes designed for high
altitude fiying or racing. Since the demand for engines
of high power output hss increased, the interest in
superchargers has become more widespread and, as a
result, several manufacturers are now offering super-
charged engines as a part of their regular production.

The superchargers used at present for aircraft serv-
ice can be conveniently classified as centrifugsl, Roots,
and vane type. The first two types have been used
extensively since the advent of the supercharging of
aircraft engines, while the vane type for this service
is & more recent development. It is ressonable to
expect either that each of these superchargers has a
field in which it is superior to the other types, or that
one type will meet all the service requirements better
then any of the others. To select the type of super-
charger best suited for a particular condition of serv-
ice, or for all service conditions, test date must be
obteined to establish the comparative performance
with each type.

Although a large amount of data on supercharging
are now available and considerable information can be
gained from a study of reports on supercharging, it
has been impossible to find data of flight tests in which
two types of superchargers have been tested under
similar conditions. Therefore, as a part of a research
program to obtain comparative test data, the National
Advisory Committee for Aeronautics conducted tests
with a turbocentrifugal supercharger so as to obtain
results for comparison with those previously obtained
using the same airplane with a Roots type super-
charger.

The basis of comparison for these superchargers was
the high speed and rate of climb of the sairplane as
determined with each supercharger for altitudes from
sea level to the ceiling. The unsupercharged perform-
ance also was obtained for these conditions with each
supercharger mounted in place.

DESCRIPTION AND METHOD

The tests with the Roots type supercharger in a
modified DH-4M2 airplene have been previously
reported in National Advisory Committee for Aero-
nautics Technical Report No. 327. (Reference 2.)
This report includes the test results obtained with the
turbocentrifugal supercharger, together with & suffi-
cient amount of data from the tests with the Roots
type, so that the performance with the two types of
superchargers can be compared.

Both supercharger installations duplicated previous
service installations as nearly as possible. The Roots
type supercharger installation can be seen in Figure 1
and that of the turbocentrifugsl in Figures 2 and 3.
The weight of the airplane fully serviced, including all
instruments and the pilot, was approximately 4,300
pounds when equipped with the Roots type super-
charger and 4,350 pounds with the turbocentrifugal
type. The weight added to the airplane by each super-
charger installation was 150 pounds and 167 pounds for
the Roots and turbocentrifugsl types, respectively.
These weights include ell air ducts and mounting
brackets. That there was a greater difference in

airplane weights than in supercharger weights was due

to the difference in the instrument instailations.
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F1GURE 1.—Roots supercharger Installation in modified DH~4M2 alrplane

Fraure 2,—Tarbosaperchaiger instellatlon in modifled DH-4M?2 alrplane
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Two Liberty engines were used in these tests, one
with the Roots type supercharger and the other with
the turbocentrifugal supercharger. A check of the
standing revolutions per minute obtained with each
engine unsupercharged and with the same propeller
showed that there was very little difference in the power
developed by the two engines.

The engines were equipped with inverted Strom-
berg NA-L5A carburetors, having 1%-inch diameter
chokes and No. 42 drill size jets. Domestic aviation
gasoline to which had been added 5 cm® of ethyl fluid
per gellon was used in all these tests. A booster
radiator, shown in Figures 1, 2, and 3, was used to
obtain the additional engine cooling necessary on the
supercharged flights. This radiator was used also on
the unsupercharged flights.

The Roots supercharger used had a displacement
of 0.382 cubic foot per revolution. It was driven

altitude to which the supercharger could maintain
sea level pressure) for an engine of 812 cubic feet
displacement per minute. The maximum rotative
speed of the impeller is given as 23,150 revolutions
per minute. The rotor shaft is mounted in two bear-
ings, & roller bearing between the turbine wheel and
the supercharger impeller, and a deep-groove ball
bearing at the impeller end of the shaft. These
bearings are packed with a light grease, the supply of
which is replenished between flights through pressure
grease gun fittings. Below the critical altitude the
smount of supercharging is controlled by a blast
gate on the turbine nozzle box. An air cooler similar
to those provided on ‘service installations was used.
A metal shield was placed between the supercharger
indet and the bottom of the cooler to prevent the hot
gases from the turbine and the warm air from the
cooler from entering the supercharger inlet,

FI1cTRE 8.—Turbosupercharger Installation In modified DH-4M2 alrplans

hrough & flexible coupling from the resr of the engine
erank shaft. The capacity of this supercharger could
be varied by changing the gear ratio between the
drive shaft and the supercharger impellers. A de-
seription of this type of supercharger and laboratory
test results are given in National Advisory Com-
mittee for Aeronautics Technical Reports Nos. 230
and 284, (References 1 and 2.) The impeller end
clearances used in these tests were somewhat greater
than necessary. They had been increased to 0.015
inch because trouble had previously been experienced
with contacting between the impellers and the ends
of the case. Since the clearances were increased
precision type ball bearings have been obtained, and
the results of tests with these bearings show that
constant impeller end clearances can be successfully
maintained with the clearances reduced to 0.010
inch.

A description of the side type of turbocentrifugal
supercharger is given in Air Corps Technical Report
Serial No. 2365. (Reference 3.) The particular
model used in these tests, known as Form F-14, is
rated at 20,000 feet critical altitude (the maximum

All the instrument readings were recorded auto-
matically during these tests. The readings of the
indicating instruments were recorded by photograph-
ing the dials of the instruments. For the flight tests
both with the turbocentrifugal and the Roots type
supercharger the following indicating instruments
were used:

(1) Engine tachometer,

(2) Sealed altimeter for measuring carburetor air
pressure.

Electrical resistance thermometers for meas-
uring temperature at:

(3} A point under the lower wing (free air).

(4) Inlet to supercharger,

(5) Outlet from supercharger,

(6) Air inlet to carburetor.

In addition to the above, the following
instruments were installed and & photo-
graphic record of their readings was taken
on the flights using the turbocentrifugal

: supercharger: .

(7) Tachometer geared to supercharger rotor.

(8) Pressuregaugeconnected with turbine nozzle box.
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(9) Pyrometer connected in rotation with thermo-
couples in the exhausi stack, the turbine nozzle box,
and just outside the turbine wheel.

Electrical resistance thermometers for meas-
uring temperature at:

(10) Cooler outlet.

(11) Fuel flow meter.

These instruments were mounted on a panel, which
formed one end of a light-tight box, and were photo-
graphed with a motor-driven motion-picture camera
which was mounted at the other end of the box.

For recording the air speeds and atmospheric pres-
sures an instrument was used which gave a continuous
photographic record during the flight. Fuel measure-
ments were obtained on the flights with the turbo-
centrifugal supercharger by the use of 2 displacement
type fow meter to which had been attached a mecha-
nism which produced a photographic record of fuel
flow. A Venturi type fuel flow meter was used for
measuring the fuel flow on the flights with the Roots
supercharger. Because of mechanical difficulties with
the recording mechanism the results obtained were
not reliable and, therefore, are not included in this
report.

A chronometric timer was provided for measuring
time and for synechronizing the records obtained with
the different instruments.

The supercharger tachometer was driven from a 20

to 1 reduction gear through a standard fitting and-

flexible cable. A worm was made which replaced the
nut on the impeller end of the supercharger shaft,
and a 20-tooth gear meshing with this worm was
mounted in & small housing which replaced the cover
plate on the end of the supercharger case.

A propeller designated as Air Service part No.
065323, which was designed for a supercharged Martin
bomber, was used in all these tests. Its diameter was
10.67 feet and its pitch 6.33 feet. This propeller had
previously been calibrated on the same airplane by
means of a hub dynamometer; therefore the engine
power obtained in these tests could be determined
from the propeller characteristics. A description of
the hub dynamometer used for calibrating this pro-
peller and some of the test results will be found in
Natural Advisory Committea for Aeronautics Tech-
nical Reports Nos. 252 and 295. (References 4 and 5.)

All of the instruments were calibrated before and
after the tests with each supercharger. The accuracy
of the measurements is estimated to be as follows:

Engine speed, within & 10 revolutions per minute.

Supercharger speed, within =100 revolutions per
minute. .

Carburetor air pressure, within =+ 0.05 inch Hg.

Atmospheric pressure, within +0.05 inch Hg.

Air speed, within + 2 miles per hour.

Exhaust gas temperatures, within +15° F,
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Temperatures measured with electrieal resistance
thermometers, within £2° F.

Fuel flow, within £2 per cent.

Turbine nozzle box pressure, within + 0.3 pound per
square inch.

A comparison of the high speed and rate of climb of.
the airplane obtained with the two types of super-
chargers was selected as the best method for evaluat-
ing the merits of each supercharger. Before the best
rate of climb was determined, without a rate-of-climb
meter, the rate of climb obtained at several different
air speeds was determined, and from a plot of this, for
each altitude, the air speed giving the best rate of
climb was selected. This wus the method used for
the tests with the Roots supercharger. Additional
information on this method and a discussion of the
tests with the Roots supercharger can be found in
National Advisory Committee for Aeronautics Tech-
nical Report No. 327. (Reference 6.) For the first
part of the tests with the turbocentrifugal supercharger
the same method was used. The results obtained were
compared with similar results using a rate-of-climb
meter as a guide for the pilot. As both methods gave
practically the same results, representative flights
could be selected from those obtained with either
method.

During all supercharged flights the pilot was in-
structed to maintain sea-level pressure at the carbu-
retor to the greatest possible altitude. - With the Roots
supercharger the carburetor pressure was regulated by
discharging the excess air through a by-pass valve,
which was gradually closed with inereasing altitude
until at the eritical altitude it was completely closed.
With the turbosupercharger the carburetor pressure
was regulated by varying the amount of engine exhaust
gases permitted to escape from the nozzle box into the
atmosphere without passing through the turbine rotor.

The unsupercharged flights were made with a super-
charger installed and operating, but with the control.
set to give the least posaible supercharging effect.

The flight test data were reduced to the conditions
of standard atmosphere according to the Lesley method
given in National Advisory Committee for Aeronautics
Techmcal Report No. 216. (Reference 7.)

RESULTS AND DISCUSSION OF RESULTS

The results of this investigation ure presented in the
form of tables and curves. The test data contained
in the tables have been plotted so that the comparative
performance obtained with the turbocentrifugal and
the Roots type of supercharger can be readily appre-
ciated. Tables I to III contain the information ob-
teined in tests with the turbocentrifugal supercharger,
while Tables IV to VI contain similar information
obtained in tests previously conducted with a Roots
type supercharger. The tables and other information
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regarding the tests with the Roots type super-
charger have been taken from National Advisory
Committee for Aeronautics Technical Report No. 327.
(Reference 6.)

Figure 4 shows the time-of-climb and the rate-oi-
elimb curves for the six flights for which performance
data are given in the tables. Although the flight data
shown are the best obtained with either supercharger,
a greater numbert of satisfactory flights were made with
the Roots type than with the turbocentrifugal;
therefore, the data for the Roots type are on a slightly
more favorable basis. It is evident that the turbo-
supercharged flights correspond more nearly to flight
Na. 4, using the Roots supercharger with the 3:1 drive-
gear ratio, than to flight No. 5, using the 2.4:1 drive
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rate of climb than flight No. 6, unsupercharged, with
the Roots supercharger installed. This might be
expected, since the turbosupercharger installation
added an appreciable amount of frontal area. The
poor rate of climb at the beginning of flight No. 3
was probably caused by the fact that the air speed for
this part of the flight was higher than it should have
been, as can be seen in Figure 5.

The air speed in climb and the high speed in level
flight are shown in Figure 5. During the tests with the
turbosupercharger, flights were made at the air speeds
which were found best with the Roots supercharger,
but these air speeds did not give the best rate of climb,
particularly for the higher altitudes. For the lower
altitudes the difference in air speed shown for flights

ratio. icht No. 5 shows that when the drive-gear | Nos. 1 and 4 is without any particular significance, as
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ratio of the Roots supercharger was reduced the rate
of climb at the lower altitudes was improved slightly,
but only with a loss in performance at higher altitudes.
Flights Nos. 1 and 2, with the turbosupercharger,
are considered to complement each other in showing the
best rate of climb, for the air speed giving the best
rate of climb was not used at all altitudes in either
fight. Although the differences in ceiling end rate
of climb with the fwo superchargers are no greater
than those between successive flights with either
supercharger, what differences there are indicate
slightly better performance with the turbosupercharger.

Flight No. 8, unsupercharged, with the turbosuper-
charger installed shows slightly lower ceiling and poorer

the air speed giving the best rate of climb is much less
critical for these altitudes. At the higher altitudes
it will be noted that the air speed giving the best
rate of climb with the turbosupercharger increases
rapidly. All turbosupercharged flights showed this
characteristic. '

The curves of high speed in level flight, also shown in
Figure 5, were drawn from the best data obtained on
many flights. There were not enough points to locate
the curves exactly, but it was established that the
speed in level flight was greater when using the turbo-
supercharger, and that the. difference increased with
inerease in altitude. At 21,000 feet the high-speed
performance was 122 and 142 miles per hour, for the
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Roots and turbocentrifugal, respectively. The high-
speed unsupercharged performance was practically the
same with both supercharger installations. The high-
speed performance obtained with the turbocentrifugal
supercharger, even with its increased frontal area, is
strong argument in favor of this type of supercharger
for airplanes traveling at high altitudes.

The curves of engine speed (fig. 6) follow very closely
the shape of the air-speed curves in Figure 5. The
low engine speeds at the ground were due to the use of
a much larger propeller than is customary for unsuper-
charged work in order to hold down the engine speed to
less than 1,800 revolutions per minute at altitude on
the supercharged flights. .
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Air temperatures are shown in Figure 8 for both
flight No. 2 with the turbocentrifugal supercharger and
flight No. 4 with the 3:1 drive ratio Roots super-
charger. It will be noted that for both superchargers
the temperature at the supercharger inlet was higher
than the atmospheric temperature, although in each
case the inlet was located where it was thought there
would be a minimum heating effect from the engine.
At the completion of the tests with the Roots type
supercharger it was believed that the higher tempera-
tures recorded at the supercharger inlet were incorrect
and were caused by conduction of heat from the super-
charger case to the resistance thermometer. The dii-
ference in temperature was so much greater, however,
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FIGURE 5—Alr speed In climb and level fight with the turbosupercharger and with ths Roots
type supercharger using & 3:1 drive-gear ratio. Also unsupercharged hut with a supercharger

installed

The engine power in climb is shown in Figure 7.
The difference in engine power at-altitude was due to
the difference in engine speed as well as to the differ-

ence in the power each supercharger cost the engine.

Computations based on experimental data show that
the Roots type supercharger with 3:1 drive-gear ratio

required 24 per cent of the brake horsepower developed
by the engine at an altitude of 22,000 feet. From the
experimental data aveilable on the effect of back
pressure on engine power and from back pressures
obtained with the turbosupercharger in these tests,
computations show that the turbosupercharger did
not reduce engine brake horsepower more than 14
per cent at an altitude of 22,000 feet. Similar com-
putations for an altitude of 10,000 feet show a reduction
of 12 and 6 per cent for Roots and turbocentrifugal,
respectively.

-

in the tests with the turbosupercharger, where the
thermometer had been carefully insulated from near-
by parts, that it is now believed that both super-
chargers were receiving air which had been heated by
the engine and radiator. The rise in temperature in
passing through the supercharger does not appear to
have been any greater with the turbosupercharger than
with the Roots, but the inlet temperatures of the tur-
bosupercharger were much higher, and consequently
the final temperatures. It seems probable that if the
inlet pipe could be placed where it would receive air
at etmospheric temperature, the temperature after
compression might be low enough to make the use of
an air cooler unnecessary. The air cooler used with
the turbosupercharger had a much greater cooling
effect. than the carburetor inlet duct used with the
Roots supercharger, and as a result the air tempera-
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tures at the carburetor, in spite of the higher tempera-
tures at the supercharger outlet, were somewhat lower
with the turbosupercharger. The cooling obtained in
the air duet from the cooler to the carburetor was
negligible in tests with the turbosupercharger.
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The atmospheric and carburetor air pressures for
flights with the two types of superchargers, both super-
charged and unsupercharged, are shown in Figure 9.
The uniform difference in atmospheric pressures for
flights Nos. 1 and 4, for corresponding standard alti-
tudes is due to the fact that flicht No. 1 was made on
a warmer day than flight No. 4. The critical altitude
is not as sharply defined for the turbosupercharger ss
for the Roots, for & change in air speed changed the
critical altitude, and the pilot was increasing the air
speed constantly through this range of altitude in order
to maintain the best rate of climb.

On flights Nos. 3 and 6 (fig. 9), both unsupercharged,
the carburetor air pressures were slightly higher than
atmospheric pressures, although the supercharger con-
trols were set to give the least possible supercharging
effect. The maxdmum differences between atmos-
pheric pressure and carburetor pressure were 0.2 and
1.0 inch of Hg for the Roots and turbocentrifugal,
respectively.

Figure 10 shows the speed of the supercharger rotor
for two flights. As the supercharger tachometer did
not register at the lower range of altitudes in flight
No. 1, data obtained on another flight are also shown
in Figure 10. During these full-throttle climbs the

speed reached approximately 28,000 revolutions per
minute, which is 5,000 revolutions per minute more
than the rated speed for this rotor.

In Figure 11 are shown fuel consumption data for
unsupercharged flight No. 8 and supercharged flight
No. 1, both full-throttle elimbs. That the fuel con-
sumption per brake horsepower per hour should in-
crease with altitude could be expected, because the
ratio of friction to brake horsepower increases with
altitude. The total fuel consumed per hour increased
from 220 pounds at ses level to 265 pounds at the
critical altitude.

As the data obtained for fuel consumption in level
flight were nof satisfactory, an estimate of this con-
sumption was made on the basis that the specific
fuel consumption at any altitude -would be the same
in climb as in level flight, and .that the power varied
directly as the engine speed. On the basis of these
assumptions the total fuel consumed per mile in-
creased for both the supercharged and the unsuper-
charged condition for sltitudes from sea level to 8,000
feet; above 8,000 feet, however, the fuel consumption
for the unsupercharged engine increased, while that of
the supercharged remeined practically the same.
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These tests showed that the acceleration of the
engine equipped with a turbosupercharger was slug-
gish. This was due to the time necessary for the
turbosupercharger to reach an effective speed because
of the inertis of its rotating parts.

It may be well to mention that the airplane when
equipped with the turbosupercharger was operating
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under the disadvantage of increased frontal area, and | the difficulty could be remedied by the use of less
when equipped with the Roots supercharger under the | rigid ducts. Similar trouble had previously been
disadvantage of large supercharger impeller end clear- | experienced with the carburetor air duets in tests with
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ances, which resulted in high slip speeds and conse- | a Roots supercharger. The use of flexible metal hose

quently high discharge air temperatures. for carburetor air ducts, as shown in Figure 1, elimi-
Some trouble was experienced with cracking of the | nated this difficulty.
exhaust gas ducts in the tests with the turbosuper- During the tests with the turbosupercharger the

charger. As this was caused by excessive vibration | engine exhaust valves would stick frequently, which
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resulted in decreased performance. This trouble was
most pronounced when the engine had been standing
idle for several weeks. An inspection of these valves
showed they were badly pitted and corroded. Tests
recently completed by the Air Carps showed that
ethyl fluid, as used in gasoline to reduce detonation,
causes exhaust valves and valve guides to corrode
after an engine has been left in storage for some time.
(Reference 8.) Whether the sticking of valves when
using the turbosupercharger was due to the effect of
the ethyl fluid used in the gasoline or to the exhaust
valves being constantly surrounded by the hot ex-
haust gases, or to both of these, is difficult to say.
This trouble, however, was not experienced in tests
with the Roots supercharger using the same fuel.

CONCLUSIONS

The results of these tests show that for the two
supercharger installations tested the rate of climb and
ceiling obtained were practically the same.
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8000 12000 16000 20000 24000 28000
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FIGtRE 10—Turbosupercharger rotor speed In elimb

The sea level high speed showed no appreciable
difference. However, as the altitude of operation was
increased the turbocentrifugal supercharger gave the
higher speed. The difference in speed between the
two types of superchargers increased gradually,
reaching 20 miles per hour at an altitude of 21,000 feet.

The high-speed performance of airplanes flying long
distances could be greatly improved by supercharging
and flying at higher altitudes. .

The scceleration at high altitudes of the engine
equipped with the turbosupercharger was very slug-
gish. However, the turbocentrifugal supercharger
gave a greater improvement in all-around performance
than did the Roots. '

LaxerEy MEMORIAL AERONATUTICAL LLABORATORY,
NatroNan. Apvisory COMMITTEE FOR AEROC-
NAUTICS, '
LanerEy F1eLp, Va., February 25, 1930.
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TABLE I—FULL-THROTTLE CLIMB WITH TURBOCENTRIFUGAL SUPERCHARGER (FLIGHT NO. 1)

Atmos- Tempera-| Super-
_ - Englne Tempera- Tempera-| Pressure
Raad-|Carrected A%J’:’r‘;:' Am dpeg:&" Standard | ‘speed, Tn;gézi: Brake | tureat ts“’l" :_t ture at |at carbu- c!harzp .
li\l’m m.tt‘m?u terl’npem- px?eesme pounds’ “"ﬂﬁgfe' t}'evolu- es per| V/MD | borse-. %’Eer cha?-ger bl E’g‘ ﬁfe" revolu-
0. | minn 3 r ons per power ‘| charger or inlet,
tu“;e,. F.| in. Hg perI oc&blo mingte | boar et EEF. ogtllzg.t, oF, o tiﬁﬂ: upg
1 245 81 2,65 Q.0727 1,728 1, 385 25 0. 432 310 83 1085 30.20
2 3,87 s 28.73 0706 2,725 1, 405 73. 6 431 815 83 1145 8. & 20.78
8 4,08 76 27.88 . 0890 3,475 1,420 4.5 432 318. & 82 1205 8.5 20.78
4 6.19 7LE 28. 97 . 0673 4,326 1,435 75 <631 320 80 122 - 955 28,78
& 7.35 [ 1 28,15 . 06587 5, 100 1,450 i} 482 822 i 122 92 2.78
[} 8.65 65.5 25,30 . 0639 6, 026 1,445 7 433 323 7 123. & 90.5 2.78
7 0.9 .5 24.50 . 0621 6, 950 1,480 78.8 487 323 7 120.5 0.5 20.88
8 11,32 61 28.65 . 0602 7,850 1,405 79.8 438 322 74 132. 8 0nE 29.88
9 12, 54 58 22,82 . Q388 8,875 1,510 8.8 .439 322 73 138. 5 90. 5 20.88 14, 900
10 13.85 _ &6 21,97 . 0566 9, 925 1, 525 82 . 443 320 72 145 g2 2.78 18, 700
11 15, 04 §1 21,17 . 05560 10, 850 1, 840 83 444 318 72 151 93 20. 78 16,700
12 16. 36 43 20, 87 . 0532 11, 900 1, 855 84.5 A48 817 T 138 95 5 2.78 17, 600
13 | 17. 58 43.5 18. 67 . 0518 12,750 1,870 88 452 316 i 168 8 085 2.78 18, 500
14 18.80. 4] 10,00 . 0603 18, 650 1, 585 87 . 453 316 87 175. 6 4.5 20. 88 18, 300
15 20. 04 38 18. 8% . 0488 14,675 1, 605 885 .454 |, BI9 [} 183 101 20.88 19, %00
16 21,33 85. 8 17. 65 . 0478 185, 550 1,625 89,5 454 320 [} 101 2.78 20, 500
17 22 58 82 17.03 0450 18, 450 1, 630 91 . 460 11 47 N0ns 20.78 21, 300
18 2. 78 285 16. 46 0447 17,250 1, 630 2.5 .4? 269 (21 8. & 20. 67 a1, 400
19 24, 95 2% 15. 96 . 0438 18, 000 1, 830 04 476 261 ] 108. 8 29.07 22, 200
20 20.18 2 15.42 0424 18, 82§ 1, 840 '] 478 280 ] 114 20.87 22, 900
21 27,45 20.5 14.95 . 0413 16, 600 1,850 95,5 477 288 63 122 20.87 23, 400
22 28.53 1 14. 60 N 2, 160 1,600 96 AT 203 ) 138 20,67 M, 000
23 20,84 156 14, 15 . 20,900 1,680 97 478 289 49 138 20,87 24, 300
24 1 B81.(8 125 13.7¢ . 0385 21, 675 1,680 o8 478 288 48 141 29,57 24,800
25 3231 10 18.40 0378 22,200 1, 690 ] 453 280 48 148 20,37 25, 200
28 33.85 8.3 13.10 0371 22,650 1,700 102 . 495 278 48 143. 5 20.07 25,300
27 34,84 .5 12,85 . 23, 200 1L, 710 105 L8507 278 4 141 2880 25, 600
28 36. 22 -] 12,62 . (360 23, 76 1,720 108 . 518 2609 43 138 28 50 28, 800
2, 87.42 4.5 1240 (0354 24, 076 1,730 100 . 620 264 48 L _..| 185 28,20 25,900
30 38. 65 3.8 12 18 . 0348 24, 550 1,730 110 824 264 53 18325 37,83 286, 100
31 30.9¢ 2 o 11,68 . 0344 24, 900 1,740 110. 5 . 524 265 56 127 37.35 26, 100
33 41 368 2 1L 80 . 25, 300 1,880 110. &8 542 230 50 120 28, 60 28, 100
38 42,04 X 1168 . 0338 25, 650 1,750 111 523 203 48 1.5 2725 20, 100
34 43. 35 -2 IL 50 . 0338 25, 800 1,710 111 . 585 240 47 6.5 25 50 24, 000
85 44 47 -3.5 1L 85 . 0830 26, 075 1,700 1L s . 341 238 44 1245 28,08 285, 900
35 45,78 —4.5 1. 20 . 26, 400 1,690 100. 5 O34 228 43 1246 2508 25, 000
a7 47.03 —4. 5 11.08 B 28, 050 1,680 106.5 58 224 41 122 2528 25, 400
38 48,82 -8 -1L.00 26,850 1,680 106. 5 .58 223 4] 1185 .68 25, 300
30 49, 55 -7 10. 80 . (319 27,025 1,680 107 . 528 21 41 111 5 24,17 25, 000
40 50. 10 -85 10. 82 .0318 | 27,100 1,680 107 . 826 20 41 108 2,92 24, 900
41 50.73 -10 10.75 . 0317 27,175 1, 580 105. 6 . 518 222 41 100. 5 22. 43 24, 800

TABLE II.—FULL-THROTTLE CLIMB WITH TURBOCENTRIFUGAL SUPERCHARGER (FLIGHT NO. 2)

Nozzle-

T - hox pres-
Atmos- em- | L& | Tem- Temper{ ¢
Atmas- Engine [perature ture, Pressure [Temper-Temper- above

Read- rg‘%:l pherie A}J':ﬁ' dpeggth Standard N Trueegir Brake | at su- | at su- T{agf at cerbu- | atare in | ature in oatr}slfc?e atmos-
lil_ng iy tel;]})g:- pll':ossure. ponnd.ys' als}m’fle, t}-evolu- m’ﬁ’:s ver| VinD | horse- per- N e Buretor Ir‘;!totr exihntist turbine | (V08 | pherle

0. atore, e ons per power |charger charger ef, [ stack, | nozzle pressure,
minutes| “er.” | in. Hg p“}ﬁblc minute | DOUX nket, o%%et, 1’311‘5" Im.Bg | °F." |box,°F. w.!'f."' pounds
are

nch

1 1.38 63 20.20 0.0741 1,100 1,375 75.8 0.452 303 70 88 ] 30. 10 1,20 1,170 1,110 2.2
2 2.90 57 .80 L0714 2,850 1,888 ') .468 206 70 3 ] 20.40 1, 265 1, 248 1,126 .7
8 4,50 52 28.60 . 0690 3, 800 1,408 78.5 461 208 70 08 7 20. 40 1,285 1,276 1, 200 3.3
4 611 48 25 45 . 0668 4,650 1,435 70.5 . 455 311 68 102 ] 20.40 1,05 1, 276 1, 200 4.8
-] 7.72 41 L2418 . 0840 6, 000 1,485 80.5 462 206 63 107 78 20. 60 1, 285 1,270 1,180 4.4
6. 8.27 ! 22,78 .06812 7,428 1,465 81 . 456 304 60 118 71 20,60 1,280 1,280 1,186 50
7 10.84 2 21.07 .0358¢ ! 8650 1,435 82 458 304 58 120 71 20, 50 1,205 1,280 1,180 &5
8 12,61 23 20. 60 . 0366 9, 950 1,485 <] 459 207 85 128 71 20.40 1, 200 1,390 1,178 0
9 14,28 18 19, 56 L0548 11, 250 1,495 8L5 448 287 50 137 6 29.40 1,810 1, 286 1,170 as
10 15988 14 18. 67 « 0520 12, 600 1,535 8 446 207 50 151 81 20.40 1,325 1, 280 1,185 7.0
11 17.61 10 17.78 . 0502 18, 700 1,835 84.8 . 455 285 48 159 86 20.60 1,320 1,278 1,138 8
12 16.23 5 18.97 . (485 14, 776 1,575 86 . 450 208 48 177 2 20.60 1,815 1,285 1,130 85
13 20, 90 [1} 16.11 0465 16, 050 1,585 88 467 258 48 184 85 20.70 1,310 1,248 1,065 9.0
14 22.38 -7 15. 85 . 0450 17,050 1, 595 80.5 462 204 45 180 o7 29.00 1, 320 1,285 1,080 2.0
15 23, 04 =11 14. 65 0434 18, 125 1,585 8.5 456 21 43 190 92 .7 1,280 1,235 1,076 8.0
16 25.78 —14 14,17 0422 18,975 1,018 085 . 502 287 40 100 97 28.00 1,260 1,228 1, 045 9.0
17 27.28 -18 18.62 . 0410 10, 825 1,636 102.5 .518 283 8 103 .20 1,200 1,315 1,025 %0
18 20.04 —-21 18.07 . 0306 20, 850 1,685 108 . 504 284 38 103 112 28.00 1,200 1, 25 1,025 9.4
19 30. 47 —25 12,68 . 0388 21, 450 1, 6456 103. 8 . 518 254 38 197 107 28 20 1,265 1,240 1,000 9.0
20 32,28 =27 12,85 0379 22,100 1,035 104 524 288 34 197 108 .30 1,240 1,200 1,020 2.0
21 33.85 —=30 12,00 .0871 22,726 1,045 108 & . 883 238 30 197 112 26.70 1,200 1,238 995 0.4
22 35.47 —-34 11. 65 . 0363 23,375 1,886 207.5 . 583 241 28 197 110 26.40 1,278 1,210 930 0.4
23 38.87 —38 11.27 . 0356 24, 000 1,815 108 8 . 566 209 21 107 117 2. 50 1,210 1,205 065 0.9
pI} 38.60 —4] 10. 92 . 0346 4,726 1,685 110 . 540 235 21 197 114 20.20 1,225 1, 208 085 0.9
25 40, 55 —42 10. 68 0330 25, 300 1,535 11L& . 568 160 24 197 112 35,80 1,250 1, 305 058 10.4
26 41,77 —47 10.40 . 0334 25, 728 1, 685 112 549 228 16 197 117 25,30 1,220 1,200 060 10.4
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TABLE III.—FULL-THROTTLE UNSGPERCHARGED CLIMB WITH TURBOSUPERCHARGER MOUNTED IN

COMPARATIVE FLIGHT PERFORMAXNCE

PLACE (FLIGHT NO. 3}
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TABLE IV..—OPTIMUM ROOTS SUPERCHARGED CLIMB USING THE 3
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TABLE V.—OQPTIMUM ROOTS SUPERCHARGED CLIMB USING THE 2.4:1 DRIVE RATIO (FLIGHT NO. §)

r
) . Atmos- Observed . o
‘|Read- Corrected om“ ox;mmtmos-md dpbeﬂ“ Stendard engine Adr Brake E?l?:ep:i- Ef?l‘;ﬂp:i. ﬁ'm mpower
ing | time, ! pherlc | pherle | 9ensit "+ | altitude, ;?‘?:1%'. o e:d’ ;| VD | borse- | super- | carbure- | retor lo- | to stand-
No. | minutes [ tempera- | pressure, %';_ eubie feet tions per hou.rpe - power | charger | torInlet,[ let, In. |ard pres-
ture, °Fx| in, Hg |P pe outlet,°F.|°F.(abaj| ~Hg | sursand
foot minute tempera-
- ture
1 8.4 82 28.95 0. 0708 2, 600 1,405 T4.5 0.437 3le 101 558 29.50 332
2 4,83 77 27.60 . 0683 3, 800 1,426 745 . .431 315 556 20, %0 3%
3 6.3 7t 26.36 . 0659 5,000 1,436 4 .425 314 103 556 29. 50 326
4 7.60 64 25.20 . 0639 17!, 000 1, 455 ™ . 425 317 105 558 29,40 330
sl anl Rl BB Sw| wm|ral| BB M| m| M| Be| B
7 12,27 52 22,20 . 0576 8, 350 1,485 78 430 | 312 12) 581 29,50 a2
BRI IE I I IRREIR I IR 1IN
) . . s , . 3
16 17,00 40 |19.30 . 0513 18, 000 1, 546 8.5 435 303 141 578 20,40 314
Bl BBl B B0 con || tem| H°| | = | | & | k| X
i «OF7 hy > « .
13 2L 9 30 |- 17.00 . 0461 16, 300 1,585 84.5 440 204 588 20.50 am
14 28.58 . 27 |- '16.30 . 0445 17,400 |- 1,505 86 445 280 £0. 50 295
156 25. 06 b} 1560 0430 18, 400 1, 606 87.5 450 288 20.50 285
I8 26. 86 20 15.10 . 0418 18, 250 1,605 80 . 457 072 28.60 209
17 2832 18 14,55 . 0405 20, 1,615 80.5 457 -269 .. 27,45 207
18 30. (8 18 14.05 . 0302 21,150 1,015 g1 485 458 26.46 257
19 3L 656 16 13.70 . 0384 21, 780 1, 818 92 . 470 %z 25. 80 261
20 33.20 14 13 L0376 22,300 1, 605 02.5 475 2 25. 20 242
a1 35. 06 12 13. 10 . 0369 22, 500 1,605 ] 478 b1 T PR S 24.70 235
22 36.77 11 12.86 . 0362 23, 400 1, 506 8.5 .483 27 |- 24,25 226
23 38.47 10 1260 . 0356 28, 600 1, 585 5 . 489 82 T 23. 85 221
24 89. 81 7 12.40 . 24,150 1,585 85 . 491 219 2460 a7
BoaE| p| B oaE AR A R & B 28|
K N 3 . . .
! 27 I 44,28 4 1.95 . 0842 25, 050 1,505 905 401 213 25.00 210
v 28 45. 850 3 11.88 . 0340 265, 200 1, 596 95. 5 404 a0 2.8 bt
20, 4710 1 1L70 . 0337 26, 500 1, 588 96 406 i), S O 22.56 203
30 40. 46 1 11.85 . 0835 28, 650 1,885 96 404 b1/ T NRS—— 22.40 4
31 | 50. 64 [}] 11.60 L0334 25, 726 1,585 96 . 207 el 2225 £05

L Table X, Natlonal Advisory Committes for Aeronautics Technieal Report No. 327,

TABLE VI.—OPTIMUM FULEL-THROTTLE UNSUPERCHARGED CLIMB WITH ROOTS SUPERCHARGER
MOUNTED IN PLACE (FLIGHT NO. 6)

. Brake
: horse-
p Almos- Observed
Observed| Observ . Temper- | Temper- | Pressure | power
Read-|Corrected, atmos- atmos-ed+ dpeggirli;c 8tendard) engei.ge ME . Brake | ature at | ature at |at carbu-| corrected
ing | time, | pherle | pherde o altitude, | SPESC, | SDRSCe | V/mD | horse- | super- | carbure- | retor in- | to stand-
No. | minutes ; tempera- | pressure, %ﬁgbto foot | ifong hOllll? power | charger |forlnlet,| let, In. |srd pres-
ture, °F.| in. Hg | P per outlet,°F.| °F.(abs. Hg | sure and
foat minate tempers-
ture
1 185 | i 20,36 0. 0738 1, 500 1,415 74 0. 432 319 82 539 29.50 314
2 2.11 64 28.15 0713 2,400 1,405 76,5 441 318 78 634 28.20 317
3 4£.68 60 26.680 . 0887 3, 600 1, 400 0.5 451 208 76 531 7.20 205
4 6.06 55 26.10 0873 4 300 1,385 7 . 456 287 T1 526 26,30 285
& 7.60 30 25.10 . 0854 5,300 1,385 7.6 450 F il 05 520 25, 40 776
-] 9. 11 48 L2440 L0040 6, 000 1,3% 78 402 k) 63 515 24 50 260
7 10.77 44 23.60 . 0822 6, 800 1,885 78 . 485 259 60 512 23.85 258
8 12.80 44 23.00 . 0606 7,760 1,38 ' 471 250 60 511 .20 247
] 15,48 46 | 3250 L0590 8, 600 1,38 80.5 480 243 [ 512 22.70 7
10 17.35 48 £2.00 0877 9, 300 1,376 81 . 488 230 (] 512 22.15 228
11 19.1% A5 2L70 0571 8, 700 1,376 81 L4868 237 60 512 2180 233
12 20, 88 44 .28 . 0560 10, 300 1,376 82 . 492 231 60 512 2L 50 218
13 22.13 41 20.90 . 0553 10, 850 1,375 a1 . 486 230 60 811 21.10 215
14 23. ot 40 20, §5 . 0545 11,150 1,376 81 . 488 217 80 500 20. 80 11
16 25.88 40 20. 85 . 0539 11,450 1,875 80.5 .483 216 60 508 20, 5 2m
16 27.583 38 20,06 . 0538 11, 1,366 . 80.5 .487 208 80 508 20,20 20
17 29,11 87 10.70 0526 12, 1,365 80 484 206 50 508 19,80 201
18 29 92 8 19. 55 .0523 12, 400 1,365 8 L4384 204 59 508 19.78 200
18 3113 a4 19.35 . 0820 12, 600 1,383 70.5 .478 204 58 508 10. 50 202
2. 8233 38 C19.18 L0517 14, 800 1,305 70 478 203 55 508 19.40 200

1 Table I, National Advisory Committes for Aeronautics Technical Report No. 327.
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